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Introduction
The Nebraska Poultry Report is produced every two years by the Animal Science
Department's poultry faculty with contributions from others in the University of
Nebraska who work with avian species. The purpose of the report is to make our
activities known to the poultry industries in Nebraska. The majority of articles are
based on on-going research but are written in a relaxed style for ease of reading. If at
any time an article or piece of information is of special interest to anyone in the industry,
we hope you will contact us to discuss it.
(Continued on next page)
Dietary Protein, Lysine and TSAA:Lysine
Ratio — Effects on Egg Components
and Solids
Sheila E. Scheideler
Curtis L. Novak1
Introduction
Many studies have been con-
ducted testing the effects of dietary
protein, lysine and total sulfur amino
acids (TSAA) on egg production
parameters, but few reports can be
found regarding the effects of dietary
protein and amino acid intake on egg
components and yields. The egg
contains approximately 6 grams of
protein primarily located in albumen.
This protein is synthesized relatively
quickly in the oviduct during albu-
men formation. A steady and ade-
quate supply of protein and essential
amino acids (lysine and TSAA) is
needed to optimize protein formation
in the oviduct. Reports have been
mixed on the effect of increased lysine
intake on egg weight. Scheideler et al.,
1996 and Prochaska et al. (1996)
reported increased egg and albumen
weights with increased lysine intake
in layers. Yolk weights tend to be more
closely associated with TSAA intake,
increasing as TSAA intake increases
(Shafer et al., 1996).
Ratio of TSAA:Lysine intake also
may affect the efficiency of egg protein
synthesis. There have been prelimi-
nary reports of detrimental effects of
high lysine intake during minimal
TSAA intake on egg production and
egg weights (Novak and Scheideler,
1998). The recommended ratio of
TSAA:Lysine in the 1994 Nutrient
Requirements of Poultry by NRC was
.84. Given the benefits of increased
lysine intake for albumen synthesis,
the optimum level of TSAA to be fed
when maintaining lysine at a bene-
ficial level needs to be tested.
Level of protein intake (gm/day)
also can affect egg protein synthesis.
With the current environmental
pressures to reduce N in poultry
manure, producers are trying to
reduce dietary protein to a minimum
level adequate to maintain efficient
egg production. A reduction in
dietary protein from 18 to 16% can
result in a 7% decrease in excreta N
(Yakout, 2000). A careful balance
between dietary protein and essen-
tial amino acids needs to be found to
maintain optimum egg protein syn-
thesis.
The objective of the studies
reported herein was to test the main
and interaction effects of dietary
protein, lysine and TSAA:Lysine
ratio on egg protein production.
Material and Methods
Trial One was a 2 X 4 factorial
design with 2 levels of dietary lysine
(800 or 900 mg/day) combined with
4 TSAA:Lysine ratios (.71, .81, .91, or
1.01) fed to DeKalb Delta white leg-
horn hens from 20-63 weeks of age.
Three hundred and twenty hens were
used for this study with 8 replicate
cages (5 hens/cage) assigned to each
treatment. At 35 and 55 wks of age,
3 eggs/pen were collected to deter-
mine yolk and albumen content and
properties.
Trial Two was a 3 X 3 factorial
arrangement of 3 levels protein (18,
16 or 14%) fed during Phase I of
production (20-40 wks of age) or 16,
14.4 or 13% fed during Phase II of
production (40-60 wks of age) with 3
ratios of TSAA:Lysine (.71, .81, .91)
fed to Hyline W-98 white leghorn
hens. Ratio of TSAA:Lysine was ad-
justed in each trial with the addition
of dl-methionine. Four hundred thirty-
two hens were randomly assigned to
the 9 diets with 8 replicate cages (6
hens/cage) assigned to each diet.
Every 5 weeks beginning at 20 wks of
age until the end of the trial, 3 eggs/
treatment were collected to measure
fresh yolk and albumen properties.
At 60 weeks of age, 20 hens from
5 treatments (14.5% Protein at .71, .81,
.91 ratios) and 16.0 and 13.8 % Protein
at .81 TSAA:Lysine ratios) were
euthanized and magnum tissue was
excised for determination of RNA,
DNA and protein content during ovi-
position. Total RNA, DNA and pro-
tein were assayed to determine di-
etary effects on the cellular working
components of protein synthesis in
magnum tissue.
Analysis of variance was per-
formed by Proc Mixed procedures
(Proc Mixed: SAS Institute, 1996), test-
ing for main effects and interaction
effects in each trial.
Results and Discussion
In trial one, dietary lysine signifi-
cantly affected egg weight, percent
albumen, yolk, albumen solids, albu-
men protein and yolk protein (Table
1). As lysine increased from 800 to 900
mg/day, egg wt, albumen, and albu-
Table 1. Trial One — Dietary Lysine and TSAA:Lysine Ratio Effects on Egg Components
Ratio Egg Egg Albumen Albumen Yolk Yolk
Lysine TSAA TSAA:Lysine Wt. Mass Albumen Yolk Solids Protein Solids Protein
Mg/kg Mg/kg Grams g/hen/day ---------------------------------------- % ----------------------------------
800 570 0.71 58.1 48.2 60.8 27.8 11.20 9.14 50.9 17.5
800 650 0.81 58.7 48.6 60.8 27.5 11.10 9.01 51.4 17.6
800 730 0.91 59.6 50.3 60.6 28.2 11.04 8.94 52.1 16.7
800 810 1.01 59.7 47.5 60.0 27.7 11.12 10.02 53.5 17.6
900 650 0.71 59.7 48.5 62.1 27.3 11.32 10.00 51.4 17.4
900 730 0.81 60.8 49.2 61.4 26.7 11.13 10.55 51.2 17.4
900 810 0.91 60.0 51.9 60.9 27.9 11.28 6.92 51.9 14.6
900 890 1.01 60.4 50.9 60.8 27.7 11.23 6.46 52.2 15.2
SEM 0.77 1.57 0.36 0.29 0.113 0.345 0.19 0.49
Main Effects
Lysine
800 59.0 48.7 60.6 27.8 11.11 9.28 52.0 17.3
900 60.2 50.1 61.3 27.4 11.24 8.48 51.7 16.2
Ratio
0.71 58.9 48.3 61.4 27.5 11.25 9.57 52.7 17.6
0.81 59.7 48.9 61.1 27.1 11.11 9.78 51.3 17.5
0.91 59.8 51.1 60.8 28.0 11.16 7.93 52.0 15.6
1.01 60.0 49.2 60.4 27.7 11.17 8.24 52.8 16.3
Statistical Probabilities
Lysine 0.02 NS 0.03 0.10 0.10 0.004 NS 0.001
Ratio NS NS 0.02 0.06 NS 0.001 0.06 0.001
Lysine x Ratio NS NS NS NS NS 0.001 NS 0.001
men solids increased whereas per-
cent yolk, albumen protein and yolk
protein decreased. Ratio of
TSAA:Lysine affected % albumen,
yolk, albumen protein, yolk solids
and yolk protein. As supplemental
TSAA increased, thereby increasing
the TSAA:Lysine ratio, % albumen
decreased, % yolk increased, albu-
men protein decreased, yolk solids
increased and yolk protein decreased.
These data interestingly indicate a
negative correlation between % sol-
ids and protein in both albumen and
yolk. This is surprising, especially in
the albumen. There appeared to be a
strong positive effect of higher lysine
on percent albumen and albumen
solids and a positive effect of increased
TSAA:Lysine ratio on % yolk and
yolk solids.
In Trial 2, dietary protein intake
significantly affected a number of egg
components during the 2nd phase of
egg production. The lowest levels of
protein intake caused significant re-
ductions in egg weight and egg mass,
egg albumen, albumen solids, albu-
men protein and yolk protein. The
intermediate level of protein per-
formed similarly to the high level of
protein intake, indicating that dietary
protein can be lowered by as much as
2% without a negative effect on egg
components. Ratio of TSAA:Lysine
showed little to no effect on egg com-
ponents in this trial. There was some
indication of poorer egg mass (and
egg production) in the low protein
diets with a high TSAA:Lysine ratio.
Increased TSAA:Lysine ratio also
tended to decrease yolk protein as
shown in Trial 1 so distinctly. It
should be noted that these trials were
conducted with 2 different strains —
Trial 1 with DeKalb Delta hens and
Trial 2 with Hyline W-98 hens, which
could differentiate their responses to
amino acid intake.
Table 3 gives some interesting in
vitro data on the protein synthesis
activity level of magnum tissue col-
lected from hens in Trial 2 at 60 weeks
of age. Level of dietary protein signifi-
cantly affected amount of cellular
RNA, Protein:RNA ratio and
RNA:DNA ratio. RNA is basically
the working machinery of the cell. It
significantly increased in the mag-
num from hens on low protein diets
indicating an adaptive response of
the hens to low dietary protein — up-
regulating the cell to make more RNA.
But the quantitative amounts of pro-
tein synthesized in the magnum
decreased as dietary protein
decreased indicating that the adap-
tive response may still not be adequate
in the low protein diets. This conclu-
sion is supported by the reduced
amount of albumen protein and sol-
ids in eggs from hens on the low
protein diets (Table 2). Ratio of
TSAA:Lysine had no effect on mea-
surements of protein synthesis in the
hens’ magnum tissue.
In summary, dietary lysine and
protein can significantly affect egg
components. Insufficient protein
intake will impair the hens’ ability
to adequately synthesize protein in
the magnum. Increasing dietary
lysine can improve proportion of
albumen. TSAA needs to remain
in a high ratio to lysine to maintain
yolk quantity, but can negatively
affect yolk protein content.
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Effect of Varying Space Allowances and
Metabolizable Energy Levels on Performance
of Laying Hens
Mohammad A. Jalal
Sheila E. Scheideler1
Introduction
Most laying hens are placed in
cages in today’s commercial egg
industry. The aim of such practice is
to reduce housing, equipment and
labor costs per hen and keep the eggs
cleaner. It is commonly believed that
decreasing cage space per hen will
increase the number of eggs per cage,
thus offsetting the negative effects of
crowding on productivity of the
individual hen, thereby increasing
profitability (Adams and Craig, 1985).
This view started to change in the last
decade of the twentieth century, with
more emphasis on animal welfare
issues (Anderson et al., 1995).
Cage effects on the performance
of commercial laying hens are well
documented. Reduced cage space
allowance has been reported to
decrease egg production (EP), egg
weight (EW) and feed intake (FI), and
to increase mortality (Bell, 1981;
Cunningham, 1982, Sandoval et al.,
1991).
Few researchers have investi-
gated the combined effect of cage
space allowance and diet caloric con-
tent on hen and pullet performance.
Jackson and Waldroup (1988) found
that increased dietary nutrient den-
sity helped overcome the effects of
limited feeder space associated with
crowded cages, but the influence of
diet was minimal when shallow cages
were used and feeder space increased.
Owings et al. (1967) reported
decreased EP caused by reduced cage
space allowance was partially over-
come by increased dietary protein.
More recently Brake and Peebles
(1992) studied the effect of varying
cage space allowances and lysine lev-
els on laying hen performance. They
reported no consistent effect of cage
space allowance on production
parameters and detected no inter-
action between lysine levels and cage
space allowance.
New animal welfare guidelines
put forth by United Egg Producers
(UEP 2001) recommended a cage space
allowance of 67 sq. inches per hen for
smaller White Leghorn hens com-
pared to current industry practice of
52-54 sq. inches per hen. As result of
these new welfare guidelines, the
objective of our research was to assess
the effects of varying cage space
allowances on a commercial laying
hen strain fed differing levels of
dietary ME.
Experimental Design
Four cage allowances (53, 64, 80
and 107 square inches per bird) were
assigned to Single Comb White
Leghorn hens from 50 to 65 weeks of
age. Each cage space allowance was
combined with three dietary ME
treatments (2800, 2850, and 2900 kcal/
kg) in a 3 x 4 factorial arrangement.
Each treatment was randomly allot-
ted to 6 replicate pens for a total of 72
pens. Individual pens were desig-
nated as experimental units and had
varying numbers of hens; 3 (107 sq.
inch), 4 (80 sq. inch), 5 (64 sq. inch), or
6 (53 sq. inch) for a total of 324 hens.
Experimental pens (cages) dimen-
sions were 16 x 20 inches in a stacked
deck manure belt system. The experi-
mental design was a randomized
complete block design with 6 blocks
and 12 pens per block.
Diets were formulated according
to the recommendation of the
Hy-Line W-36 breeders’ manual and
to meet National Research Council
(1994) nutrient requirements of
laying hens for all nutrients with the
exception of energy (Table 1). Diets
were standard corn-soybean meal
diets, isonitrogenous, and contain-
ing three varying levels of ME (2800,
2850, 2900 kcal/kg). Animal-
vegetable blended fat was the source
used to increase dietary energy. The
intermediate diet was obtained via
Table 1. Diet composition1
Ingredients High ME Low ME
-------- (%) --------
Corn 60.53 58.71
Soybean meal 23.33 21.47
Wheat midds — 4.92
Tallow 4.25 3.00
Limestone 9.39 9.40
Dicalcium phosphate 1.70 1.66
Salt 0.40 0.40
DL-methionine 0.19 0.19
Lysine 0.06 0.09
Vitamin premix 0.08 0.08
Mineral premix 0.08 0.08
Nutrient Composition:
M.E., kcal/kg 2900 2800
Protein, % 17.2 17.2
TSAA, % 0.73 0.73
Lysine, % 0.85 0.85
Ca, % 4.00 4.00
NPP, % 0.42 0.42
1Intermediate ME diet was mixed by
blending equal quanitities of high and low
M.E. Diets.
blending high and low ME diets.
Measurements included daily
feed intake, ME intake (MEI) and egg
production, weekly egg weights and
egg mass (EM), and biweekly hen
weights (HW) and body weight
change (BWC).
Data was analyzed using the
Repeated Measures Analysis of SAS®
software (Proc Mixed, SAS Institute,
1998) for a randomized complete
block design and a 3 x 4 factorial
arrangement.
Results
Variation in cage space allow-
ance had a significant effect on feed
intake (Table 2). Hens given 107 sq.
inch significantly (P<0.001) had a
greater feed intake than those housed
at 64 and 53 sq. inch, but not sig-
nificantly higher than those housed
at 80 sq. inch. Dietary metabolizable
energy level had no significant effect
on feed intake. A similar effect can be
observed with MEI (Table 2). Hens
housed at 107 sq. inch had signifi-
cantly (P<0.001) higher MEI than
hens housed at 64 and 80 sq. inch by
differences of 18.14 and 17.91 kcal/
hen/day respectively.
Egg production was significantly
(P<0.0001) improved for hen housed
at 107 sq. inch compared to other
densities and across all energy levels
(Table 2). An interaction between
dietary ME and cage space allowance
was close to significance (P<0.08),
with hens fed low ME and housed at
107 sq. inch having highest EP value
of 89.78%. Egg mass exhibited a simi-
lar trend to egg production, as hens
with greater cage space having a sig-
nificantly (P<0.0001) larger EM value
than those housed at 80, 64 and 53 sq.
inch (Table 2). There were no signifi-
cant treatment effects observed on egg
weight (Table 2).
There were no significant effects
of either dietary ME or cage space
allowance on hen body weight (Table
3). However, there was a significant
interaction effect on change in body
Table 2. Layer production data
Cage space Feed M.E. Egg Egg Egg
M.E. allowance intake intake production weight mass
Sq. in/hen g/hen/d kcal/hen/d % g g
High 107 90.54 262.57 81.89 52.16 45.79
High 80 88.72 257.29 81.18 51.88 44.71
High 64 83.87 249.23 76.04 52.25 42.36
High 53 84.99 246.46 75.92 51.15 42.33
Intermediate 107 91.84 261.76 86.91 51.90 47.73
Intermediate 80 90.33 257.45 84.49 49.94 44.57
Intermediate 64 84.03 239.49 76.58 50.94 41.25
Intermediate 53 86.20 245.68 75.44 51.07 41.07
Low 107 92.25 258.30 89.78 51.54 49.00
Low 80 89.49 250.58 79.85 51.93 44.20
Low 64 87.60 245.50 73.48 51.25 40.05
Low 53 84.56 236.77 76.66 50.84 41.33
Main Effects:
M.E.
High 87.04 252.39 78.76 51.85 43.55
Intermediate 88.10 251.09 80.85 50.97 43.66
Low 88.50 247.79 79.94 51.39 43.65
Cage space/hen
107 91.55 260.88 86.19 51.86 47.51
80 89.52 255.11 81.84 51.25 44.50
64 85.19 242.74 75.37 51.48 41.22
53 85.25 242.97 76.00 51.02 41.25
Probabilities:
M.E. NS NS NS NS NS
Cage space 0.0002 0.0002 0.0001 NS 0.0001
ME x Cage Space NS NS 0.089 NS NS
Table 3. Layer production data
Cage space Hen Body weight
M.E. allowance weight change
Sq. in/hen kg kg
High 107 1.418 0.02920
High 80 1.398 0.02877
High 64 1.386 0.02376
High 53 1.382 0.03626
Intermediate 107 1.431 0.03177
Intermediate 80 1.370 0.03224
Intermediate 64 1.362 0.03810
Intermediate 53 1.380 0.02359
Low 107 1.403 0.03010
Low 80 1.437 0.04029
Low 64 1.378 0.02904
Low 53 1.396 0.03169
Main Effects:
M.E.
High 1.396 0.02950
Intermediate 1.386 0.03143
Low 1.403 0.03153
Cage space/hen
107 1.418 0.03036
80 1.402 0.03378
64 1.375 0.02863
53 1.386 0.03052
Probabilities:
M.E. NS NS
Cage space NS NS
M.E. x Cage space NS 0.0137 (Continued on next page)
	

weight (Table 3). Hens housed at 80
sq. inch/hen and fed low ME diet
exhibited the greatest weight gain and
were significantly (P<0.05) higher
those fed other levels of ME at the
same density. Hens fed the interme-
diate level of ME had greater BWC
(P<0.05) than those fed high and low
ME when housed at 64 sq. inch, while
BWC was highest for those fed high
ME at 53 sq. inch/hen.
Conclusions
It is evident that increasing cage
space allowance and decreasing
number of birds per pen had a posi-
tive overall effect on performance.
Cage space significantly affected
production parameters such as
feed intake, ME intake, egg produc-
tion and egg mass. There was no
effect of ME levels on laying hen per-
formance at varying cage space
allowances.
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On Farm Feather Condition Survey of
Commercial Laying Hens
Leanne F. LaBrash
Sheila E. Scheideler1
Introduction
The importance of feathering and
feather cover often is overlooked in
the laying hen industry. Feather
synthesis, development and main-
tenance requirements can be easily
overlooked as their contribution is
not measured in classic performance
criteria such as hen day egg pro-
duction. Quality of feather cover
warrants reconsideration as it sig-
nificantly contributes to the laying
hens’ performance and also could
influence consumers’ perception of
hen care. Feather cover influences
laying hen performance by affecting
thermoregulation, incidence of injury
and behavior.
Hens with reduced feather cover
experience increased heat loss.
Poorly feathered hens experiencing
increased heat loss will have greater
maintenance energy costs as meta-
bolic rate increases to maintain body
temperature. The result is increased
feed consumption in layers with
increased feather loss (Ambrosen and
Peterson, 1997).
Feathers also protect a hen’s body
from scratches, pecking, cannibalism
and abrasive cage material. Deterio-
ration of plumage that reduces body
cover elicits behavior that may result
in harm to the laying hen. Severe
feather pecking has been shown to
increase with feather damage in all
ages of hens (Bilcik and Keeling, 1999)
and incidence of cannibalism often
parallels plumage deterioration
(Ambrosen and Peterson, 1997).
		
Survey Methods
A survey was conducted to
assess the effect of age on feather score
in commercial laying hens. Flocks of
Hy-Line 98, Babcock B300, and
ISAWhite laying hens ranging in age
from 18 to 102 weeks were feather
scored. Five hens in each surveyed
cage were feather scored according to
a five-point scale. The five-point
feather score scale was as follows
(Webster and Hurnik, 1990):
1. Smooth and complete plumage.
2. Ruffled, no naked spots.
3. Naked spots up to 5 cm at widest
part.
4. Naked spots greater than 5 cm
wide.
5. Naked spots with injury to skin.
The five feather scores from each
cage surveyed were averaged to
create a cage feather score. Cage
feather scores from each flock were
averaged to establish an overall
feather score for each flock. Flock
feather scores were plotted according
to age creating the feather condition
curve in Figure 1.
Discussion
Hens 18 to 33 weeks of age
exhibited smooth and complete
plumage. At 44 to 47 weeks of age,
plumage condition began to show
wear and feathers became ruffled. After
week 51 plumage cover further dete-
riorated and naked spots on hens
became evident. The naked spots at
this time were no larger than 5 cm at
the widest part. Naked spots greater
than 5 cm wide were seen starting at
66 weeks of age. Flocks were molted
between 66 and 70 weeks of age and
feather cover post molt improved as
visible naked spots were greatly
reduced. Feather scores of 2 were
assigned at weeks 80 to 94. Naked
spots were visible again by 97 weeks
and feather cover continued to
deteriorate thereafter.
In conclusion, the flocks surveyed
showed a loss of feather cover over the
first laying cycle. After molt hens’
feather score improved but not to the
same condition as at the onset of lay.
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Figure 1. Feather condition curve for laying hen flocks surveyed.
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Comparison of Traditional Fasting Molt
Versus Non-fasting Low-density, Low
Sodium Molt Regimes and the Cystine
Requirements During Molt and Post-molt
Leanne F. LaBrash
Sheila E. Scheideler1
Introduction
Recent consumer pressure
regarding animal care has resulted
in the United Egg Producers recom-
mending non-fasting molt proce-
dures that allow hens access to feed
during molt. Non-fasting molt is a
new management tool available to
address animal welfare guidelines.
Non-fasting molt regimes dietary
requirements and post-molt produc-
tion expectations are not well defined.
The objective of this study was to
evaluate fasting and non-fasting molt
regimes and cystine requirement to
optimize second cycle egg produc-
tion and re-feathering following molt.
Materials and Methods
Two hundred forty, 65-week-old
ISA White laying hens were ran-
domly assigned to 60 cages (4 hens/
cage) in an augmented factorial
arrangement with two molt treat-
ments (fasting or non-fasting) and
four dietary cystine levels (Table 1).
Feather meal was used as the cystine
source. Molt diets were corn and
wheat middlings based. Non-fasted
hens received a low energy (2712 kcal/
kg), low sodium (0.05%) molt diet fed
near 70% of ad libitum intake from 65
to 71 weeks of age. Fasted hens had
feed withdrawn until 25% BW loss
was achieved. After losing 25% BW,
fasted hens received an intermediate
molt diet until week 7. After week 7 all
birds were offered a peak post-molt
corn and soybean meal diet fed at 110
g/hen/d until the birds were 91 weeks
of age. Photoperiod was 8 h during
the 6 week of molt then increased 30
min per week following molt until a
16 h photoperiod was achieved.
Measurements
Fasted hens were weighed daily
until 25% BW loss was achieved.
Non-fasted hens were weighed every
second day for the 6 week molt period.
After the 6 week molt period all hens
were weighed every two weeks. Feed
intake was measured weekly. Egg
production was measured daily. Tibia
samples were collected for determi-
nation of bone ash at the end of the
second production cycle.
Results and Discussion
Fasted hens reacted uniformly to
induced molt treatment ceasing egg
Table 1. Diets.
Low Energy, Low Na Intermediate Post-Molt
I II III IV I II III IV I II III IV
Ingredients
Corn, yellow, % 56.75 56.77 56.77 56.80 53.85 53.59 53.32 58.86 68.89 69.96 71.04 72.11
Wheat midds, % 35.05 34.40 33.75 33.11 35.56 35.04 34.73 29.89 — — — —
Soybean meal, % — — — — — — — — 15.87 14.33 12.79 11.25
Feather meal, % 1.81 2.59 3.36 4.16 0.70 1.35 2.00 2.75 0.009 0.73 1.44 2.17
Mineral premix, % 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
Vitamin premix, % 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
Tallow, % 0.88 0.80 0.72 0.67 3.00 3.00 3.00 1.60 2.54 2.30 2.06 1.81
Methionine, % 0.125 0.101 0.077 0.054 0.119 0.099 0.080 0.058 0.116 0.100 0.084 0.068
Lysine, % 0.582 0.545 0.508 0.472 0.649 0.618 0.586 0.566 0.306 0.317 0.328 0.338
Limestone, % 2.77 2.77 2.77 2.78 4.07 4.08 4.09 4.07 9.69 9.69 9.70 9.71
Dical. Phosphate, % 1.88 1.88 1.86 1.84 1.92 1.90 1.89 1.92 2.22 2.22 2.21 2.21
Salt, % — — — — 0.17 0.17 0.17 0.15 0.20 0.20 0.19 0.19
Nutrient Composition:
M.E., kcal/kg 2712 2712 2712 2712 2756 2756 2756 2756 2856 2856 2856 2856
CP, % 12.34 12.91 13.55 14.03 11.80 11.98 12.39 12.58 13.54 13.15 13.42 13.54
Ca, % 1.52 1.52 1.48 1.48 1.90 2.01 1.88 1.94 4.20 4.56 4.47 4.40
P, % 0.95 0.93 0.93 0.96 0.91 0.92 0.90 0.86 0.79 0.78 0.81 0.72
Na, % 0.05 0.04 0.05 0.05 0.07 0.05 0.07 0.06 0.11 0.07 0.07 0.07
Met, % 0.29 0.29 0.26 0.26 0.28 0.26 0.26 0.31 0.31 0.28 0.27 0.27
Cys, % 0.31 0.37 0.41 0.44 0.30 0.30 0.34 0.35 0.26 0.28 0.29 0.34
TSAA, % 0.60 0.66 0.67 0.70 0.58 0.56 0.60 0.66 0.57 0.56 0.56 0.61
Lys, % 0.78 0.77 0.73 0.79 0.81 0.75 0.73 0.76 0.77 0.74 0.69 0.70
Thr, % 0.40 0.42 0.45 0.49 0.37 0.38 0.40 0.41 0.45 0.46 0.44 0.46
	
(Continued on next page)
Figure 1. Non-fasted hen egg production during molt period. Open boxes represent days on which at least one egg was laid in each
cage of 4 hens. Colored boxes represent days on which no eggs were laid.
Days of molt
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Days of molt
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Figure 2. Fasted hen egg production during molt period. Open boxes represent days on which at leaset one egg was laid in each cage
of 4 hens. Colored boxes represent days on which no eggs were laid.
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production in 3 days. Non-fasted hens
did not react as consistently to in-
duced molt and took from 3 to 33 days
to cease egg production. Fasted hens
remained out of lay for an average of
21 d while non-fasted hens remained
out of lay for an average of 11 d (Fig-
ures 1 and 2).
Pre-molt body weights of fasted
and non-fasted hens were not differ-
ent (P>0.05) and the average body
weight for the flock was 1.5 kg. Body
weight loss during the molt period
was significantly different (P<0.05)
between fasted and non-fasted hens.
Non-fasted hens experienced less
body weight loss (10% pre-molt body
weight) than the fasted hens (25%
pre-molt body weight). Post-molt sec-
ond production cycle body weights
for the fasted and non-fasted hens
were not different.
Non-fasted hens consumed 69.0
g of feed per hen per day during the
molt period and fasted hens con-
sumed 68.7 g of feed per hen per day
on the molt recovery diet. During the
post molt period fasted hens con-
sumed 92.2 g of feed per day and non-
fasted hens consuming 90.8 g. Total
feed intake was not significantly dif-
ferent between the molt treatments
(Figure 3).
Total eggs produced were not
different for the fasted and non-fasted
molt group. The fasted group and
non-fasted group total hen day pro-
duction was 0.77 and 0.72 respec-
tively (Figure 4). Total eggs produced
post-molt was affected by dietary cys-
tine level. Hens consuming Diet I (282
mg Met, 255 mg Cys/hen/d) during
molt and post-molt had the best hen
day egg production (0.70) while hens
Table 2. Sulfur amino acids intake in fasted and non-fasted molt and post-molt diets.
Fasted Non-fasted
Met (mg) Cys (mg) Met (mg) Cys (mg)
Diet Molt Post-molt Molt Post-molt Molt Post-molt Molt Post-molt
I 205.95 283.33 198.22 272.69 202.09 280.97 217.87 237.87
II 195.19 262.36 208.21 279.87 193.29 258.80 252.29 251.26
III 187.38 251.36 231.09 309.98 184.69 149.86 289.79 268.46
IV 191.36 250.47 243.853 19.18 172.88 242.25 297.02 297.73
Table 3. Egg weight (g) and post-molt methionine, cystine and TSAA levels (mg).
Egg
Diet Weight Methionine Cystine TSAA
(g) (mg) (mg) (mg)
I 62.3 282.15 255.28 537.43
II 60.2 260.58 265.57 526.15
III 60.6 250.61 289.22 539.83
IV 60.2 246.36 304.46 554.82
Fasted Non-fasted
Figure 3. Feed intake.
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consuming Diet IV (246 mg Met, 308
mg Cys/hen/d) had the poorest (0.62).
The NRC (1994) suggests a total
of 580 mg of sulfur amino acids per
day be available for white egg com-
mercial laying hens with 300 mg of
sulfur amino acids supplied as me-
thionine. The remainder of sulfur
amino acids required may be sup-
plied by cystine. Diets fed in this trial
were low in methionine and TSAA
(Table 2) as feather meals methionine
contribution was overestimated.
Methionine levels were low enough
to constitute a marginal methionine
deficiency. Egg weight also was
affected by the marginal methionine
deficiency (Table 3). Diet I had great-
est egg weight (62.3 g) and greatest
methionine level (282 mg per hen per
day) while Diet IV had the lowest
methioinie level (246 mg/hen/d) and
	
Figure 4. Hen day egg production.
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an average post molt egg weight of
60.2 g.
Molt and post-molt mortality were
not affected by molt treatment and
there were no differences in bone ash.
Conclusion
Hens molted using a non-fasting
molt regime require more time to cease
egg production, do not stay out of lay
as long, and lose less body weight
than hens subject to a fasted molt.
Hen day egg production of hens sub-
ject to a non-fasting molt was not
significantly different from fasted
hens. Non-fasting molt is a viable tool
for molting laying hens within cur-
rent animal welfare guidelines.
Increasing cystine supplemen-
tation levels beyond 255 mg/hen/d
while decreasing methionine levels
in molt and post molt diets had a
negative effect on post molt hen day
production.
1Leanne F. LaBrash, current graduate
student and Sheila E. Scheideler, professor
and poultry extension specialist, University
of Nebraska, Lincoln.
Intestinal Calcium Uptake and Reproductive
Hormones Levels of Three Laying Hen
Varieties After Prolonged Egg Production
Danilo J. Franco
Mary M. Beck1
Introduction
It is widely acknowledged that
egg-shell quality is affected by many
factors such as diseases, nutritional
status of the flock, heat stress and age.
Economic losses because of poor shell
quality around the world are esti-
mated at approximately $500 million
per year (Etches, R. 1996).The deposi-
tion of calcium carbonate into the
shell requires concentrations of cal-
cium in the shell gland fluid 4 and 12
times higher than in blood; the great-
est amounts of calcium are obtained
from blood, bones and the gastro-
intestinal tract (Etches, R. 1996). In
the domestic hen, the shell gland
extracts 2-2.5g of calcium from the
blood and transfers the element,
without accumulation, to the egg
over a period of 15 hours (Eastin
and Spaziani, 1978). Intestinal
calcium uptake plays an important
role in providing the amount of cal-
cium required to perform this task.
Estradiol-17β (E2) has a complex
relationship with calcium metabo-
lism and has been shown to increase
serum calcium by increasing the
density of PTH receptors in kidneys
and indirectly increasing the renal
activity of 1-α-hydroxylase (Castillo
et al., 1977). The 1-α-hydroxylase is
believed to be responsible for forma-
tion of 1,25-dihydroxycholecalciferol
(1,25-(OH)2D3) (Martiz et al., 1985),
which is able to mediate intestinal
absorption of calcium and phos-
phorus (Bar et al., 1978) by a satur-
able trans-cellular route, increasing
the concentration of calcium bind-
ing protein in the target cells. As the
hen ages, the number of eggs pro-
duced declines along with a reduc-
tion in eggshell quality. It has been
reported that E2 implants improve
calcium uptake throughout the
intestine (Forman et al., 1996: Hansen
et al., 1998). The increase in egg size
that age brings along with insuffi-
cient calcium carbonate secretion
consequently results in a reduced
thickness of the eggshell (Etches, R.
1996). Numerous studies have been
(Continued on next page)
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conducted to address poor eggshell
quality but fewer studies have been
done to compare differences in intes-
tinal calcium uptake and eggshell
quality relative to hormone profiles
in older laying hens of different
strains.
The objective of this study was to
compare Hy-Line W-36, Brown, and
W-98 hens’ intestinal calcium
uptake rate, eggshell quality (specific
gravity and eggshell thickness), and
physiological levels of reproductive
hormones after prolonged egg pro-
duction (more than 100 weeks of age).
Materials and Methods
As part of a larger study, these
strains of Brown, W-36 and W-98
were maintained in production longer
than 100 weeks and hens of each
strain were randomly selected for
in vitro calcium uptake (CaT) by
intestinal duodenal cells. Blood
samples were collected 4-6 hours
before oviposition via brachial vein
for plasma estrogen (E2), luteinizing
hormone (LH) and progesterone (P4)
determinations. The hens then were
euthanized by cervical dislocation,
and immediately a 3-cm segment from
the mid-duodenal loop was cut into
six thin slices and incubated in cal-
cium transport buffer containing 140
mM NaCl, 4.8 mM KCl, 1.2 mM
KH2PO4, 1.2 mM MgSO4, and 25 mM
HEPES at 7.40 for 10 min at 37oC
(5 mM glucose and 0.5 mM CaCl2
were added the same day of assay).
The assay itself consisted of incu-
bation for 4 and 9 min at 37oC in a
calcium transport buffer containing
45Ca (25,000cpm/100µL). The reac-
tion was terminated by transferring
the slices at 10-second intervals to
beakers containing 300 mM of man-
nitol. 45Calcium was extracted from
the tissue in 2 mL of 2.5% trichloro-
acetic acid (TCA) for 60 min at 37oC.
The extracts were centrifuged for
5 min at 500 x g, and 1 mL of the
supernatant was placed in scintilla-
tion vials. Finally, 7 mL of scintiverse
was added and the activity of 45Ca
was counted in a β-counter. Calcium
uptake rates were expressed as
Table 1. Intestinal calcium uptake.
Variable Brown (n=15) W-36 (n=14) W-98 (n=15)
Calcium transport rate
(nMol/g/min) 38.13+7.85 B 81.95+8.12 A 48.00+7.85 B
Total calcium uptake 869.7+44.7 B 1060.97+46.3 A 967.13+44.7 AB
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
Table 2. Plasmatic concentrations of Progesterone (P4).
Variable Browns W-36 W-98
Progeterone (P4) (n=5) (n=5) (n=5)
Assay # 1 (pg/ml) 1.66+0.3 A 1.61+0.3 A 1.87+0.3 A
Progesterone (P4) (n=5) (n=5) (n=5)
Assay # 2 (pg/ml) 1.459+0.3 A 2.0+0.3 A 2.23+0.3 A
Progesterone (P4) (n=5) (n=5) (n=5)
Assay # 3 (pg/ml) 1.486+0.3 A 1.4+0.3 A 1.33+0.3 A
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
Table 3. Plasmatic concentrations of Luteinizing Hormone (LH).
Variable Browns W-36 W-98
(LH) (n=5) (n=5) (n=5)
Assay # 1 (ng/mL) 3.52+0.8 A 2.97+0.8 A 4.88+0.8 A
(LH) (n=5) (n=5) (n=5)
Assay # 2 (ng/mL) 4.66+1.04 A 4.75+1.04 A 3.25+1.04 A
(LH) (n=5) (n=5) (n=5)
Assay # 3 (ng/mL) 2.68+0.5 A 3.15+0.6 A 2.71+0.5 A
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
nanomoles per gram of duodenal tis-
sue per min. For eggshell quality,
specific gravity (SG) and eggshell
thickness were determined. Specific
gravity (SG) is a non-invasive method
to determine eggshell thickness and,
therefore, eggshell quality. The SG of
an egg is equal to the egg’s density
relative to water. To perform the SG
determination, we immersed the
eggs in a series of increasingly con-
centrated salt solutions until the eggs
floated on the surface of one of the
solutions. Every solution was checked
using a hydrometer. The eggs were
broken after SG determination to ob-
tain direct measurements of eggshell
thickness. Progesterone and LH were
assayed by radio-immunoassay (RIA)
validated for chicken at the Animal
Science Physiology Laboratory, Uni-
versity of Nebraska-Lincoln. Estro-
gen concentrations were obtained by
RIA using a standard kit and also by
the RIA ether extraction concentra-
tion method.
The data were analyzed in an
ANOVA, using a completely random-
ized design, and the differences
among means were determined by
least significant difference (LSD) with
a level of significance of α = 0.05.
Results
Both rate of and absolute amounts
of intestinal calcium taken up were
higher in W-36 hens than in the other
two strains (Table 1).
Plasma concentrations of both P4
and LH were the same among the
three strains (Tables 2 and 3). E2 was
problematic, in that use of a commer-
cial kit (that at first seemed promising
and was validated for chicken) proved
to be unreliable. In the three assays
conducted with the kit, the first indi-
cated higher E2 concentrations in
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tigation, with focus on estrogen-
induced enzymatic (1a-hydroxylase)
activity in the kidney and on
1α-hydroxylase induced estrogen
receptor regulation at the gut. The
skeletal integrity of hens of this age
should also be examined to deter-
mine whether there is an interaction
between bone calcium and the ability
of the gut to transport calcium.
In conclusion, the W-36 hen, at
>100 weeks of age and still in lay,
appears to be more efficient with
regard to the ability to sustain cal-
cium uptake by the cells of the duode-
num even though circulating E2 and
eggshell thickness are about the same
as in the other two strains (W-98 and
Brown).
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Table 4. Plasmatic concentrations of Estrogen, Commercial kit (E2).
Variable Browns W-36 W-98
Estrogen (E2) (n=5) (n=5) (n=5)
Assay # 1 (pg/mL) 315.35+28.1 A 150.02+28.1 B 225.42+28.1 B
Estrogen (E2) (n=5) (n=5) (n=5)
Assay # 2 (pg/mL) 209+22.9 A 193.44+22.9 A 192.09+22.9 A
Estrogen (E2) (n=5) (n=4) (n=5)
Assay # 3 (pg/mL) 144.84+12.2 A 119.96+13.7 AB 98.61+12.2 B
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
Table 5. Plasmatic concentrations of Estrogen, Extraction method (E2).
Variable Browns W-36 W-98
Estrogen (E2) (n=15) (n=14) (n=15)
Assay # 1 (pg/mL) 462.39+30.3 A 458.73+31.4 A 453.07+30.3 A
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
Table 6. Shell quality. (Specific gravity, Egg shell thickness).
Variable Browns W-36 W-98
Specific gravity (n=71) (n=71) (n=71)
1075.14+0.3 A 1075.7+0.3 A 1075.21+0.3 A
Egg shell thickness (mm) (n=63) (n=63) (n=63)
0.33+0.004 A 0.3285+0.004 A 0.3346+0.004 A
The values are expressed as a mean plus minus standard error of mean, different letters
represent differences among means (P<0.05) based on LSD test.
W-36; the second showed no differ-
ences among strains; and the third
one, that Browns had higher E2 con-
centrations than the other two strains
(Table 4). In addition, the absolute
values of E2 were much different than
those reported in the literature for
laying hens, even accounting for the
advanced age of these birds, and they
were inconsistent between assays. To
resolve the discrepancy, the blood
analysis was rerun using the stan-
dard ether extraction method for E2
assays. We believe this to be more
realistic, and have chosen to base
discussion and conclusions on it
rather than on the other assay results
(Table 5). Both specific gravity of eggs
and eggshell thickness were essen-
tially the same in all three strains
(Table 6).
Discussion and Conclusions
Genetic strain has a direct effect
on egg size and shell quality; in this
case, eggs of Brown hens were larger
than those of W-36 but not detectably
larger than those of W-98. Specific
gravity of W-98 eggs, however, was
greater than the other two. Regard-
less, each hen has a physiological
limit to the amount of calcium she can
absorb. For any strain, as hen’s age,
the ability to build skeletal mass and
to absorb calcium decreases. In this
study, all three strains were well past
the typical laying age of commercial
hens, though all were still in produc-
tion, laying at a rate of about ~40%.
The hens had not been molted, though
it is likely that many of them had
experienced at least a partial, sponta-
neous molt.
Based on the calcium uptake data
obtained, the W-36 hens retained a
higher capacity at the cellular level
than the other two strains, in spite of
circulating E2 that did not differ. It is
of interest that the apparent advan-
tage with regard to calcium transport
ability did not transfer an advantage
to the shell, since the specific gravities
and shell thicknesses were all equiva-
lent. The mechanism behind this
observation warrants further inves-
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Effect of Heat Stress on Productive
Parameters Observed With Three Varieties
of Laying Hens
Danilo J. Franco
Mary M. Beck1
Introduction
During summer high environ-
mental temperatures can be extremely
hazardous for laying hens, not only
due to increased mortality, but also
because of a reduction in the number
and quality of the eggs produced
during heat stress. Whereas studies
on alleviation of heat stress have fo-
cused on costly management adjust-
ments, genetic improvement of heat
tolerance may provide a low-cost so-
lution, particularly attractive to de-
veloping countries with hot climates.
Genetic variation of susceptibility to
heat stress (HS) has been shown to
exist between breeds (Fox, 1951, 1980)
as well as among sire and dam fami-
lies (KheirEldin and Shaffner, 1954)
for mortality rates as well as for the
bird’s ability to control increases in
body temperature (Lee et al., 1945).
Genotype by environment interaction
usually is described as a situation
in which different genotypes
(breeds, lines, or strains) respond
differently to contrasting environ-
ments (Sheridan, 1990). During heat
stress, blood flow to unfeathered
extremities (comb and leg) and other
tissues such as tongue, larynx and
trachea increases to aid loss of heat
by radiation, conduction and convec-
tion (Nolan and Sturkie 1978, Van
Kampen 1984, Richards, S, 1971).
Birds exhibit a variety of panting pat-
terns to loose heat as water vapor
(Richards, 1970). The objective of this
study was to evaluate the productive
performance of three varieties of
Hy-line laying hens (Brown, W-98,
and W-36), when exposed to heat
stress.
Materials and Methods
Thirty hens of each strain (Brown,
W-36, W-98) at 45 weeks of age, were
allowed to acclimatize for one week at
22oC, and then were exposed to heat
stress (35oC) for two weeks with an
additional week at 22oC to recover.
Egg production, feed intake, egg-shell
quality, and mortality were measured.
Reproductive hormone levels were
obtained from plasma collected the
first day of exposure to HS and at day
twelve after exposure, to evaluate
adaptation to higher temperatures.
The data for production parameters
were analyzed using the SAS pro-
gram 1999 version 8.0 as repeated
measure ANOVA in a 3 x 3 factorial
experiment, with strain as one factor
and experimental phase as the other.
The reproductive hormone data were
analyzed using the SAS program 1999
version 8.0 as repeated measure
ANOVA in a 3 x 2 factorial experi-
ment, with strain as one factor and
phase during HS as the other.
Results
Although overall egg production
and feed intake were lower during HS
compared with the phases before and
after HS (P<0.05), egg production for
the strain W-98 was not reduced
Table 1. Egg production, feed intake, and egg weight parameters for strain during each phase of the experiment
Hy-Line Brown Hy-Line W-98 Hy-Line W-36
Before During After Before During After Before During After
Variable HS HS HS HS HS HS HS HS HS
Egg production, 66.35+4.9 34.42+3.8 49.32+4.99 47.14+4.9 50.62+3.8 63.21+4.9 50.53+4.9 38.03+3.8 50.39+4.9
% A B C A AB B A B A
Feed intake, 96.45+2.7 41.92+2.3 92.63+2.7 90.72+2.7 58.78+2.3 96.97+2.7 72.11+2.7 46.53+2.3 81.72+2.7
g/hen/day A B A A B C A B C
Egg weight, 63.16+1.1 58.82+1.4 58.12+1.1 60.58+1.1 55.43+1.4 57.67+1.1 58.34+1.1 47.46+1.4 49.32+1.1
g A B B A B AB A B B
Yolk weight, 16.58+0.3 16.45+0.2 14.08+0.3 16.41+0.3 16.36+0.2 15.11+0.3 16.51+0.3 15.71+0.2 12.74+0.3
g A A B A A B A A B
Shell weight, 7.61+0.1 6.84+0.2 7.73+0.1 8.05+0.1 6.97+0.2 8.14+0.1 7.67+0.1 5.82+0.2 7.02+0.1
g A B A A B A A B C
Albumen weight, 38.79+0.8 35.47+1.3 36.27+1.2 35.26+0.9 33.01+1.3 34.14+1.1 33.79+0.8 26.45+1.3 28.61+1.4
g A B A A A A A B B
The values are expressed as a mean plus minus standard error of mean, different letters represent differences among means (P<0.05) within
each strain based on LSD test.
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Table 2. Specific gravity and Haugh unit parameters for strain during each phase of experiment
Hy-Line Brown Hy-Line W-98 Hy-Line W-36
Before During After Before During After Before During After
Variable HS HS HS HS HS HS HS HS HS
Specific gravity 1.0801 1.0721 1.0858 1.0836 1.0755 1.0862 1.0826 1.0714 1.0868
A B C A B A A B C
Haugh unit 80.45 82.11 79.48 73.04 72.25 79.61 85.37 76.93 81.41
A A A A A B A B C
The values are expressed as a mean, different letters represent differences among means (P<0.05) within each strain based on LSD test.
Table 4. Changes in reproductive hormone levels after twelve days of HS exposure.
Hy-Line Brown Hy-Line W-98 Hy-Line W-36
1st day of Day 12 of 1st day of Day 12 of 1st day of Day 12 of
Variable HS HS HS HS HS HS
P4 N=10 N=10 N=10 N=10 N=10 N=10
ng/mL 0.19+0.1 1.53+0.4 0.27+0.1 0.757+0.3 0.365+0.1 0.86+0.3
A B A A A A
LH N=10 N=10 N=10 N=10 N=10 N=10
ng/mL 4.88+0.5 5.29+0.8 4.23+0.5 5.75+0.8 4.16+0.5 6.96+0.8
A AB A B A B
E2 N=10 N=10 N=10 N=10 N=10 N=10
pg/mL 51.82+11.7 139.9+19.1 67.9+11.7 126.17+19.1 36.9+12.4 139.9+19.1
A B A B A B
The values are expressed as a mean plus minus standard error of mean, different letters represent differences among means (P<0.05) based
on LSD test.
Table 3. Mortality rate observed during the experiment.
Variable Hy-Line Brown Hy-Line W-98 Hy-Line W-36
Morality, % 50 6 10
(Continued on next page)
during HS, which could indicate a
higher resistance to HS by this strain
(Table 1). Egg weight as well as weight
and quality of eggshell were affected
during HS. The egg weight value
was lower during HS than during
the phase before and after HS
(P < 0.05) for all of the strains (Table 1).
Specific gravity for Brown, W-98, and
W-36 were lower during HS than
during the phases before and after
HS (P < 0.05) (Table2). The albumen
weight (Table 1) also was reduced
mainly in the Brown and W-36, which
showed differences between the
phase before and during HS (P < 0.05).
The yolk weight was reduced
but only during the phase after HS
(P < 0.05) (Table 1). The Brown hens
were more susceptible to HS with a
higher mortality rate (Table 3).
The ability of the hens to accli-
mate to HS was evidenced by an
increased in the levels of reproduc-
tive hormones (LH, P4, and E2)
twelve days after exposure (Table 4).
The quality of egg albumin measured
by Haugh units was significantly
reduced during HS only in W-36
hens, but an increase was observed
after HS for all the strains except the
Brown (Table 2).
Discussion and Conclusions
The results indicate that the
Hy-Line Brown strain was more
susceptible to HS, with 50% mortal-
ity, compared to the other two strains
(W-36, 10%; W-98, 6%). This is not
surprising, given that the body
weight of the Brown hens is con-
siderably greater (1,906.9 Kg vs.
1,444.8 Kg (W-36) and 1,301.6 Kg
(W-98)), and that their feather cover
was considerably greater. The results
of the production variables were
generally as expected, with overall
decreases in all three strains during
heat stress. However, between strains,
there were several observations
worth nothing. First, the W-98 hens
actually increased egg production
over the 4 week study, including dur-
ing HS, in contrast to both Browns
and W-36.
During the week of recovery, the
W-36s were able to recover to pre-HS
production levels, but the Browns
were not. Based on observations, it
appears that W-98 hens are much less
susceptible to HS than either the
W-36 or Brown Hy-Line hens with
regard to both livability and egg
production.
Physiologically, it appears that
the Brown hens are the most sus-
ceptible, showing the highest mor-
tality rate and lowest production
parameters during heat stress. The
acclimation of the survivor hens was
substantiated by the increase in
reproductive hormone levels after 12
days of heat exposure, which can
indicate important physiological


changes in the regulation of the
secretion of reproductive hormones
during HS.
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Role of Alpha-galactosidase
in Corn-Soy Based
Layer Rations
Sheila E. Scheideler
Trish Weber1
Introduction
Soybean meal is a component of
nearly every poultry ration formu-
lated for the laying hen in the Mid-
west. It is the major source of highly
available protein for poultry but un-
fortunately is not a great source of
metabolizable energy. Gross energy
of soybean meal actually exceeds the
gross energy of corn, but due to com-
plex carbohydrates, the actual energy
in soybean meal available to poultry
(metabolizable energy) is less than
corn. Oligosaccarides staffinose and
raffinose are carbohydrates in soy-
bean meal which are not easily
digested by poultry due to the inher-
ent absence of galactosidase in the
hen’s digestive tract. It is hypothe-
sized that the addition of alpha-
galactosidase in the hen’s diet could
improve digestibility of soybean
meal’s carbohydrate fraction. How-
ever little research data is available
in laying hens at present to support
this hypothesis.
The objective of the research
reported herein was to test the effec-
tiveness of supplementing an alpha-
galactosidase to laying hen diets
giving an energy value to the enzyme
during ration formulation.
Experimental Design and
Measurements
Four diets were fed to Hy-Line
W-36 pullets from 20 to 50 weeks of
age. The experimental design was a
2 x 2 factorial arrangement of 2 basal
diets (Control or Negative Control)
with or without enzyme supplemen-
tation. The enzyme utilized in this
study was Loders-Croklaan’s alpha-
galactosidase at an inclusion rate of
.04% of the ration. Diets were refor-
mulated every 3 weeks by a commer-
cial egg industry modeling program
to meet the hens’ nutrition needs
according to feed intake, rate of egg
production, egg weight and body
weight gain. Diet formulations are
shown in Table 1 for the various feed-
ing periods. The enzyme was given
an energy value in the formulation
matrix allowing for less total ME in
the negative control diets with the
expectation of more energy available
from the soybean meal in the ration
(estimated to be 248kcal/kg more from
soybean meal).
Each of the 4 diets was fed to 18
replicate cages with six hens/cage
(54 sq.in./hen). Measurements dur-
ing the trial included daily egg pro-
duction and feed intake. Hen body
weight, egg weight and specific grav-
ity were measured every third week
and a nutrient digestibility study was
conducted at the end of the trial.
Statistical analysis of the data
was conducted using Proc Mixed
procedure from SAS testing for main
effects of diet and enzyme supple-
mentation.
Results and Discussion
Table 1 shows the experimental
diets utilized from 23 to 40 weeks of
age. The price differential between
the control diets and the negative con-
trol diets ranged from $9.12 to $4.23
during this time. The price difference
was due to the energy value contribu-
tion predicted from the addition of
alpha-galactosidase in the negative
control rations. Less energy from fat
	
Table 1. Experimental diets.
Series C (23-25 wks) D (26-28 wks) E (29-31 wks) F (32-34 wks) G (35-37 wks) H (38-40 wks)
Ingredient Control (-) Control Control (-) Control Control (-) Control Control (-) Control Control (-) Control Control (-) Control
Corn 53.3 56.5 51.1 52.9 50.4 52.4 52.0 54.4 53.7 56.0 54.9 57.10
Soybean meal 29.6 28.0 30.4 29.9 30.7 30.2 30.1 29.4 28.8 28.2 27.9 27.4
Tallow 4.0 2.83 4.0 4.0 5.0 4.0 5.0 3.44 4.9 3.2 4.7 3.1
Corn oil 0.54 — 1.28 — 0.63 0.08 0.21 0.08 — — — —
Large particle
limestone 5.19 5.19 5.80 5.80 5.80 5.80 4.9 4.9 5.5 5.5 5.5 5.44
Fine limestone 4.31 4.32 4.50 4.50 4.50 4.50 4.9 4.9 4.2 4.3 4.3 4.25
Dicalcium
phosphate 2.34 2.34 2.30 2.30 2.30 2.30 2.27 2.26 2.2 2.2 2.1 2.12
Salt 0.42 0.42 0.41 0.41 0.41 0.41 0.40 0.40 0.39 0.39 0.38 0.38
Methionine 0.17 0.18 0.15 0.15 0.14 0.14 0.15 0.16 0.15 0.15 0.14 0.14
Mineral premix 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin premix 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05
$/ton $111.65 $102.53 $117.14 $108.90 $115.85 $109.62 $112.52 $107.37 $109.22 $104.78 $107.61 $103.38
Calculated Analysis:
M.E. (Kcal/lb) 1,316 1,309 1,321 1,314 1,321 1,313 1,323 1,316 1,322 1,316 1,325 1,318
Protein, % 18.6 18.14 18.72 18.73 18.8 18.8 18.66 18.62 18.2 18.15 17.87 17.86
Calcium, % 4.2 4.2 4.47 4.47 4.51 4.51 4.28 4.28 4.26 4.25 4.23 4.22
aP, % 0.53 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.51 0.51 0.49 0.49
Methionine, % 0.48 0.49 0.46 0.46 0.46 0.46 0.46 0.47 0.45 0.45 0.44 0.44
TSAA, % 0.80 0.80 0.78 0.78 0.78 0.78 0.78 0.78 0.76 0.76 0.75 0.75
Table 2. Egg production data by periods.
Feed Intake Egg Production
Diet1 M.E. Enzyme Early Peak Post Mean Early Peak Post Mean
(20-28 wks) (29-40 wks) (41-49 wks) (20-28 wks) (29-40 wks) (41-49 wks)
1 Control (-) 80.0a 102.4a 104.7a 95.7 71.8a 94.1a 84.7a 83.5
2 (-) Control (-) 78.5b 100.5b 101.3b 93.5 67.8b 91.1b 84.1a 81.0
3 Control (+) 79.2b 100.4b 102.4b 94.1 69.6a 95.4a 87.9a 84.3
4 (-) Control (+) 80.6a 100.8b 102.8ab 94.8 70.7a 93.3a 87.4a 83.8
Probabilities
Diet 0.05 0.08 0.04 NS 0.02 NS NS NS
ME NS NS NS NS NS NS NS NS
ENZ NS NS 0.06 NS NS NS NS NS
ME x ENZ 0.01 0.05 0.02 NS NS 0.10 NS NS
Period 0.001 0.001 0.001 NS 0.001 0.001 0.001 0.001
Diet x Period NS NS NS NS NS NS NS 0.001
Table 3.Egg measurements by periods.
Egg Weight Egg Specific Gravity
Diet M.E. Enzyme Early Peak Post Mean Early Peak Post Mean
(20-28 wks) (29-40 wks) (41-49 wks) (20-28 wks) (29-40 wks) (41-49 wks)
1 Control (-) 51.0 57.5 59.4 56.0 1.0846 1.0829 1.0810 1.083
2 (-) Control (-) 51.3 57.1 58.9 55.8 1.0848 1.0834 1.0826 1.084
3 Control (+) 51.5 57.2 59.4 56.0 1.0853 1.0835 1.0820 1.084
4 (-) Control (+) 51.1 56.8 59.1 55.7 1.0855 1.0836 1.0823 1.084
Probabilities
Diet NS NS
Period .0001 .0001
Diet x Period NS NS
1Each diet fed to 18 replicate cages with 6 Hy-Line W-36 hens per replicate cage (54 sq. in./hen) from 17-49 weeks of age.
sources was needed in these diets.
The negative control rations do not
include the cost of the enzyme addi-
tion.
Table 2 shows the dietary effects
on feed intake and egg production
broken down into 3 periods of lay: 1.
Early (20-28 weeks of age), 2. Peak (29-
40 weeks of age) and 3. Post Peak (41-
49 weeks of age). Feed intake was
consistently affected by diet. This is
surprising as one would expect the
hens to respond to the negative con-
trol lower ME diets with increased
feed intake to meet their energy needs.
In fact, the opposite was observed in
this trial as hens consumed less of the
negative control ration compared to
hens on the control ration. Supple-
mentation of enzyme significantly
(Continued on next page)
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reduced feed intake in hens fed the
control diets but not in hens fed the
negative control diets (as shown by
the significant ME x Enzyme effects
(p<.05) during each period of egg pro-
duction. Feed intake would be ex-
pected to increase as the hens aged.
Early egg production was signifi-
cantly affected by diet. Hens fed the
negative control diet had lower egg
production compared to the control
fed hens. Supplementation of the en-
zyme improved egg production of
hens on the negative control diets
during all 3 periods of egg produc-
tion. This affect was only significant
during the peak egg production pe-
riod.
Table 3 presents the egg weight
and egg specific gravity data. Diet
and enzyme supplementation had
no significant effects on egg weight or
egg specific gravity during any time
period of egg production. Egg weight
increased and specific gravity de-
creased as the hens aged as would be
expected.
In conclusion, this study sup-
ports the hypothesis that addition of
an alpha-galactosidase enzyme im-
proves metabolizable energy avail-
able from soybean meal. Hens per-
formed very well on diet formula-
tions reducing the energy available
from fat sources and relying on more
energy from soybean meal when
alpha-galactosidase was added to
the rations. Cost savings in ration
formulation can be substantial with
addition of alpha-galactosidase to
layer rations and equal performance
to control diets.
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Key Points in Mixing and
Delivery of Microingredients
in Feed Formulations
David Monsalve1
Introduction
Microingredients in animal
feeds are components incorporated
at inclusion levels below 500 ppm.
The addition of microingredients
directly into the main mixer, with or
without prior premixing can affect
the final quality of the feed. Some-
times this step can even cause eco-
nomic losses to the poultry producer.
We need to keep in mind standards
goals in premixing and final feed
mixing. Data to assist in accurate
feed mixing include: make a correct
evaluation of our mixer (determine
periodically the coefficient of varia-
tion), checking the mixing time for
different types of formula, checking
physical properties of the ingredients
(hygroscopicity, angle of repose,
static chargeability, particle size,
among others), and the effect of
sequence of ingredients addition to
the mixer, type of carrier, type of
binding agents etc.
A better way to include a micro-
ingredients without compromising
their effectiveness can be reached
through a premixing step; this is a
pre-step to final feed mixing. Reasons
for premixing vary from convenience
to an essential step to optimize
microingredient particle distribution
in the feed. For example, some com-
mercial enzymes or vitamins, depend-
ing upon the concentration, can be
added in the final feed in a ratio that
ranges from 40 to 100 g per metric ton
feed.
This review will be focused on
some important aspects to be consid-
ered when adding microingredients
to poultry diets.
1. Liquid binders:
Liquid binders act as antistatic
agents, preventing particles from
desegregating and attaching to the
equipment, act as anti-dust agent,
reducing losses through the dust
control systems and reducing occu-
pational hazards such as smell, irri-
tation, allergies and possible dust
explosion. For example, rice hulls, by
themselves are a poor carrier since
their shiny and slick surfaces are not
able to hold active ingredients, there-
fore disqualifying it as a premix car-
rier. However, the addition of a liquid
binder to rice hulls improves drasti-
cally their holding capacity. Liquid
binders also allow more active ingre-
dients to be adsorbed by the carrier,
turning it into an adequate carrier.
2. Carriers and microingredients:
Type of Carriers: Carrier is defined
as a substance capable of accepting
and holding a fine powder without
segregation or separation over time.
We can divide carriers into two major
classes: Organic (rice hulls, wheat
bran), Inorganic (limestone, dical-
cium phosphate).
Particle Size: The carrier particle
size should be large enough to pro-
duce a premix with good flowability
and low dust, and small enough to
hold the active ingredients without
segregation.
Bulk Density: Limestone is the
most common carrier for trace min-
eral premixes while rice hulls are the
most common for vitamin, enzyme
and drug feed additive premixes. The
benefits of dense premixes, such as
increasing throughput in the premix
plant, allow more pallets to be stacked
on top of each other and flow faster in

the microproportioners at the feed
plant.
Moisture: Premix ingredients
should have a moisture < 5 % to
reduce the potential of reduction-
oxidation reactions. Rice hulls and
limestone have a standard moisture
< 5 %. Other organic carriers such as
wheat bran, and corn cobs have a
moisture > 12% which should be dried
to <5% before they can be considered
acceptable carriers.
Fat Content: Carriers should have
< 4% fat content, since fat oxidation
destroys several vitamins, and
enzymes. Inorganic carriers have no
fat, rice hulls have 2-4% fat.
3. Premix Flowability:
Premix flowability has become
a critical control point (CCP) in
many feed mills. Good flowability
reduces labor and improves accur-
acy and throughput. In fact, a premix
with good flowability acquires this
characteristic due to large dense
particle size of active ingredients
and carriers. Several other factors
impact flowability such as moisture
and chemical reactions. Hygroscopic
microingredients, such as choline,
spray dried vitamins, and hydrated
trace elements, as well as carriers with
10% moisture, can cause the premix
to cake (lump) and turn dark. This
problem can be alleviated by refor-
mulating with less hygroscopic com-
ponents or by adding a free flow
agent such hydrophilic silica absorb-
ing the moisture from the micro-
ingredients or carriers and allowing
the premix to flow more freely.
4. Particle Size and Number of Particles:
Particle size is critical to produc-
ing a quality premix and obtaining
adequate distribution in the feed.
Particle size impacts flowability,
stability, static charge and biological
response.
Flowability: generally speaking,
the smaller the particle size, the poorer
the flowability and vice versa.
Stability: the smaller the particle
size, the larger the total product sur-
face area, the higher the exposure to
oxidation and therefore the greatest
potential for enzyme and vitamins
loss.
Biological response: the active
ingredient particle size should be
determined by the fortification level
in feeds. The less active ingredient
per ton of feed, the smaller the parti-
cle size must be to make sure there
is an adequate distribution of par-
ticles in the feed, and the active micro-
ingredient reaches its optimum
response.
5. Premix Operation:
Charging the Mixer: The sequence
of charging ingredients into the
mixer has a major impact on the final
quality of the premix produced.
The first ingredient charged into the
mixer should be the carrier, usually
an organic byproduct in the case of
vitamin or drug premixes and an
inorganic in the case of trace mineral
premixes. Oil then is added through
spray nozzles and mixed. Finally, the
active components are charged into
the mixer. There is no specific order
for charging active ingredients. The
batch is mixed depending on the type
of mixer, type of formula following
data record for good manufacturing
practices plan (GMP’s).
Premix Cleaning: GMP’s for drug
feed additives require very specific
cleaning procedures for mixers, con-
veyors, bins, etc., to prevent contami-
nation from batch to batch. Premix
plants dedicated to non-drug pre-
mixes have less stringent GMP’s that
don’t require as frequent cleaning of
equipment. However, even equipment
dedicated to non-drug premixes
should be scraped and swept regu-
larly to remove scale build up, espe-
cially in the mixer.
Premix Quality Control: The
many microingredients handled at a
premix plant and the cost of indi-
vidual microingredient assays have
become part of quality assurance
practices, during manufacturing. It is
not practical due to delivery con-
straints, nor economical to assay
every active ingredient in every
premix batch.
Mixing Time: Mixing time varies
depending on the type of mixer used.
Undermixing will cause poor disper-
sion of active ingredients throughout
the mix, measured by a high coeffi-
cient of variation among samples of
the same batch.
Over mixing sometimes is blamed
for demixing; individual particles
with static charges repel each other,
causing segregation and poor distri-
bution throughout the premix. Par-
ticles with static charges also are
attracted to the metal parts of the
mixer, and there is an accumulation
and deposit of static particles on the
shaft and walls of the mixer forming
scales.
Mixer Test: Mixers should be
tested before or immediately after
installation. Quality assurance
practices such as quantifying the
variation of a nutrient or ingredient
in the feed product can help to test the
mixer regularly depending on spe-
cific needs. Several factors can con-
tribute to poor mixer performance:
shafts get out of alignment, ribbons
and pads wear out, gates start leak-
ing, changes in mixing time and batch
size.
A mixer test involves:
— Perform a normal mixer batch
run, including sequence of
ingredient addition, mixing time.
— At the end of the batch run, collect
10 samples from the batch.
Depending on the type of mixing
equipment used, sampling can
be done in a number of ways.
Each group of 10 samples from
each mixing batch is assayed for a
typical active ingredient. This marker
must be indicative of the uniformity of
other microingredients in the premix.
A marker must be a typical micro-
ingredient of the premixes made in
that mixer (Vitamin A in vitamin
(Continued on next page)
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premixes; copper in trace mineral
premixes; or a specific drug in drug
blends). The marker is assayed by
equipment that consistently gives a
very low analytical error (high per-
formance liquid chromatography, gas
chromatography, atomic absorption,
etc.). The coefficient of variation for
each set of 10 samples is indicative of
the mixer performance and distribu-
tion of the microingredient assayed
throughout the mix. A coefficient of
variation below 10% is indicative of
an adequate distribution of the active
ingredient.
6. Quality assurance- GMP’s:
Allow for continuous checks
throughout the process to assure
meeting product specifications
when the manufacturing process is
completed. Quality control is still
conducted to verify the GMP pro-
cedures. A few common quality
control procedures include:
• Physical examination of every
batch for appearance (color,
texture) against standard.
• Number of batches assayed on
a rotating basis of 1 active
ingredient per month.
• Complete assay of one premix
at random every month.
• Retain batch samples for 2
years.
• Every batch has an individual
batch sheet and is individually
charged.
• Complete traceability of raw
materials for every batch.
Summary
Adequate monitoring of every
step on the mixing process is very
important in order to get an optimal
ingredient distribution in the feed.
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Supplementation of Pullet and Layer Diets
With a Multi-Enzyme Product
protease and xylanase activity. It is
added to poultry diets to improve
starch and protein digestion of corn
and soybean meal. Several studies
have been conducted in our lab test-
ing the effectiveness of Avizyme 1500
in laying hen corn-soy diet
(Scheideler, et al., 1998 and Gomez et
al., 1999). These studies only tested
the effectiveness in layer rations after
hens had come into egg production,
showing positive effects of Avizyme
1500 supplementation on egg pro-
duction parameters. Avizyme 1500
can be formulated into the ration in 2
ways - “over the top,” which means
the enzyme is added without any
adjustments in dietary metabolizable
energy ( M.E.) or nutrients supplied;
or “specified down” in which credit
is given to the enzyme for potential
energy supplied. We were interested
in the potential beneficial effects of
Avizyme 1500 supplementation in
Sheila E. Scheideler
Trish Weber1
Introduction
The use of exogenous enzymes in
poultry rations has gained consider-
able application in practical poultry
diet formulation. With the introduc-
tion of phytase enzymes to the feed
market, nutritionists have become
more comfortable with the capabili-
ties of feed enzymes and where they
might fit in a feed management pro-
gram. The main function of exog-
enous enzymes is to supplement and
complement digestive activity in the
chicken aiding in its digestion of com-
mon feed ingredients such as corn
and soybean meal, to provide nutri-
ents for growth and egg production.
Avizyme 1500 is a microbial
multi-enzyme package with amylase,
pullet and/or layer diets on pullet
weight gain and subsequent effects
on rate of egg production in either an
“over the top” or “specified down”
formulation scheme for diet M.E.
Experimental Design
A 2 X 3 factorial arrangement of
2 levels M.E. (Control or Low) with
3 Avizyme 1500 supplementation
programs: Program 1. No Avizyme
1500, 2. Avizyme in Pullets only (day
old - 16 wks of age) and 3. Avizyme in
both Pullet and Layer Diets (day
old - 40 wks of age). Diets were prima-
rily corn-soybean meal based with
some wheat midds and added fat to
meet energy needs (Table 1). Pullets
were fed 4 diets: Starter from 0-6
weeks; Grower from 6-12 weeks;
Developer from 12-16 weeks and then
Layer from 16-40 weeks. The six
dietary treatments were each
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assigned to 8 pens each starting with
10 pullet chicks/cage during the
pullet stage and then at time of trans-
fer to the layer cages, only 8 hens/
cage (64 sq.in/hen) were transferred.
Measurements during the pullet
stage included weekly feed intake,
monthly pullet body weights, and
cage uniformity of body weight as
measured by coefficient of variation.
At 16 weeks of age, one pullet was
sampled for determination of tibia
ash. At 12 weeks of age a nutrient
retention study was conducted using
the chromic oxide marker method
(Scott, et. al, 1976) to determine effects
of diet on retention of N, Ca, P and
dietary M.E. Pullets were transferred
to the layer stage of the study at 16
weeks of age. During the layer stage,
daily egg production and feed intake
were recorded. Bi-weekly, one day of
egg production was sampled to deter-
mine egg weight and specific gravity
of eggs. Hens were weighed monthly
and uniformity of body weight was
calculated. A nutrient retention study
similar to the one conducted at 12
weeks in the pullets was conducted at
30 weeks of age to determine dietary
effects on N, Ca, P retention and M.E..
The trial concluded at 40 weeks
of age. At the conclusion, one hen was
sampled from each pen to determine
tibia ash. Statistical analysis of the
Table 1. Avizyme 1500 in pullet and layer diets — diet composition.
Starter (0-6 wks) Grower (6-12 wks) Developer (12-16 wks) Layer (16-40 wks)
Ingredients Control Low ME Control Low ME Control Low ME Control Low ME
----------------------------------------------------------------- (%) -----------------------------------------------------------------
Corn 62.2 64.8 67.0 70.2 74.6 70.3 47.7 50.2
Soybean meal 31.3 30.9 25.9 25.4 20.7 21.4 29.6 29.2
Wheat midds — — — — — 4.10 3.9 4.7
Tallow 2.16 — 2.9 0.24 0.63 — 4.6 2.9
Corn oil — — — — — — 1.0 1.0
Limestone 1.33 1.35 1.43 1.43 1.51 1.66 9.2 9.2
Dicalcium phosphate 1.97 1.96 1.85 1.84 1.77 1.71 1.95 1.90
Salt 0.49 0.49 0.45 0.45 0.45 0.49 0.47 0.47
DL-methionine 0.20 0.20 0.18 0.18 0.16 0.14 0.22 0.22
Lysine 0.13 0.13 0.05 0.06 0.03 — — —
Mineral premix 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Nutrients
M.E., kcal/kg 2995 2905 3080 2970 3030 2940 2900 2770
Protein, % 20.5 20.5 18.2 18.2 16.2 16.2 18.5 18.5
TSAA, % 0.80 0.80 0.72 0.72 0.65 0.65 0.77 0.77
Lysine, % 1.10 1.10 0.90 0.90 0.75 0.77 0.95 0.95
Ca, % 1.00 1.00 1.00 1.00 1.00 1.05 4.0 4.0
aP, % 0.45 0.45 0.42 0.42 0.40 0.40 0.45 0.45
Table 2. Avizyme 1500 in pullet and layer diets — pullet production data.
Pullet Body Weight Avg.
Avizyme 2 4 6 8 10 12 16 16 Feed
M.E. 1500 ------------------------------------------ Weeks ----------------------------------------- C.V.a Intake
------------------------------------------- (Kg) ------------------------------------------- (%) (g/pullet/day)
High No 0.240 0.351 0.393 0.589 0.799 0.978 1.082 1.140 7. 38 37.00
High Yes 0.240 0.351 0.396 0.598 0.808 0.979 1.089 1.157 7.44 37.00
Low No 0.230 0.349 0.379 0.579 0.784 0.957 1.070 1.131 7.29 37.80
Low Yes 0.242 0.352 0.393 0.590 0.795 0.973 1.085 1.146 7.32 38.00
Main Effects
M.E.
High 0.240 0.351 0.395 0.593 0.804 0.978 1.086 1.148 7.41 37.00
Low 0.240 0.350 0.386 0.586 0.789 0.965 1.078 1.140 7.31 37.90
Avizyme 1500
No 0.232 0.350 0.386 0.584 0.791 0.967 1.076 1.135 7.33 37.40
Yes 0.241 0.351 0.394 0.594 0.802 0.970 1.087 1.151 7.31 37.50
Probabilities
M.E. 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 NS 0.05
Avizyme 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 NS NS
M.E. x Avizyme 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 NS NS
aCoefficient of variation for body weight wtihin a replicate pen.
(Continued on next page)

data was conducted using Proc Mixed
procedure from SAS testing for main
effects of diet ME, enzyme supple-
mentation and the interaction effect
of diet M.E. by enzyme supplementa-
tion.
Results
Table 2 shows the average pullet
body weight every 2 weeks, the coef-
ficient of variation for body weight
and the average feed intake from 0-16
weeks of age. Both dietary M.E. level
and supplementation of diets with
Avizyme 1500 had effects on pullet
growth rate. Pullet chicks on the High
M.E. diet had a greater rate of growth
beginning at 6 weeks. Supplementa-
tion of enzyme helped bring the pul-
lets on the low M.E. diet to a rate of
growth equivalent to hens on high
M.E. diet throughout the study. There
were times when the high M.E. diet
benefitted from Avizyme 1500 supple-
mentation, but the effect was not as
consistent as it was in the low M.E.
diets. Coefficient of variation of body
weight did not indicate any signifi-
Table 3. Avizyme 1500 in pullet and layer diets — layer production data.
Feed Hen Egg Egg Egg Specific
M.E. Pullet Layer Intake Wt. C.V.a Production Wt. Mass Gravity
(g/hen/day) (kg) (%) (%) (g) (g/hen/day)
High No No 94.5 1.526 8.07 80.6 54.2 48.0 1.0864
High Yes No 99.1 1.510 8.39 79.3 53.8 47.1 1.0856
High Yes Yes 97.2 1.512 7.38 81.0 53.5 47.8 1.0860
Low No No 93.3 1.462 7.43 81.2 53.1 47.3 1.0864
Low Yes No 96.2 1.477 6.82 80.7 54.0 47.8 1.0861
Low Yes Yes 96.2 1.515 7.22 79.5 54.6 48.2 1.0858
Main Effects
M.E.
High 96.9 1.516 8.08 80.3 53.9 47.7 1.0860
Low 95.2 1.485 7.16 80.4 53.9 47.8 1.0861
Avizyme
None 93.9 1.494 7.75 80.8 53.7 47.6 1.0862
Pullet only 97.6 1.494 7.61 80.0 53.9 47.4 1.0859
Pullet + Layer 97.7 1.513 7.50 80.2 54.1 48.1 1.0861
Probabilities
M.E. NS 0.04 0.02 NS NS NS NS
Avizyme 0.10 NS NS NS NS NS NS
M.E. x Avizyme NS NS NS NS 0.01 NS NS
aCoefficient of variation for body weight within a replicate pen.
cant effects of diet on pullet body
weight uniformity. Average feed
intake showed increased in pullets
on the low M.E. diets compared to
those fed the high level of M.E. with no
effect of Avizyme.
Table 3 shows the egg produc-
tion data averaged from 16 to 40 weeks
of age. In this Table, you will see a total
of 6 dietary treatments reflecting the
addition of Avizyme to layer diets.
Addition of Avizyme to pullet and/
or layer diets indicated some increase
in feed intake by about 4 grams/day.
This may have resulted in an increase
in average body weight for the pullets
fed Avizyme in both the pullet and
layer stages, especially for the hens
on the low M.E. diets. Hens fed the
higher level of diet M.E. weighed
more that hens fed the low M.E. diets,
but had a greater coefficient of
variation for pen uniformity of body
weight. Dietary M.E. and enzyme
supplementation had no effect on
egg production. A significant inter-
action effect was seen for egg
weight, such that hens fed the lower
M.E. diets had increased egg weights
when supplemented with Avizyme
1500. This positive effect of Avizyme
1500 was not seen in the high M.E.
diets. There were no significant
differences in egg mass or specific
gravity as affected by diet.
Nutrient retention was measured
in pullets at 12 weeks of age and in
laying hens at 40 weeks of age (Table
4). There were some trends towards
improved nutrient retentions with the
addition of Avizyme 500 to pullet
diets. Phosphorus retention improved
in the high ME diets with the addition
of Avizyme during the pullet stage.
Retention of N also improved with
the addition of Avizyme 1500 in both
levels of M.E. diets. The positive effect
of Avizyme 1500 on N retention
carried over into the layer stage,
especially in the low ME diets. This
improvement in N retention is likely
due to an improved digestion of the
cell walls of soybeans and corn ren-
dering not only more energy avail-
able but also better protein and
amino acid digestibility. Digestible
energy (ME) of both the high and low
M.E. diets improved with enzyme

supplementation during the layer
stage, more so in the high energy diets
than the low energy diets in both the
pullet and layer stages. Calcium
retention decreased in the low M.E.
diets while phosphorus retention
increased when lower M.E. diets were
fed. The cause of this effect is not
completely understood. Dietary treat-
ments had no effects on tibia ash con-
tent in either pullets or layers in this
study.
Cost savings in the formulation
of diets “specified down” compared
to the normal diet costs based on
March, 2003 commodity prices (corn
at $2.42/bushel, soybean meal at
$172.00/ton, wheat midds at $70.00/
ton and tallow at 14 cents/lb) were as
follows: pullet starter - $4.49/ton;
pullet grower - $5.55/ton; pullet de-
veloper - $1.39/ton and layer - $2.74/
ton. These savings were due to less
energy supplementation to the ration.
They do not include costs of the
enzyme. Actual savings will vary
dependent on ratio of corn:soybean
meal and added fat in the

Summary
Supplementation of Avizyme
1500 to low M.E. diets improved rate
of growth in the pullet and layer stage.
Egg production was equal in the layer
stage regardless of Avizyme 1500
supplementation or diet M.E. level.
Improvements were seen in N
retention and availability of energy in
pullet and layer diets supplemented
with Avizyme 1500. A “specified
down” approach to formulation
rations with Avizyme 1500 will
result in diet cost savings; however
the more conservation approach of
“over the top” formulation with
Avizyme 1500 can also be of benefit to
some egg producers formulating on a
lower margin of safety for protein and
M.E. content.
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Table 4. Avizyme 1500 in pullet and layer diets — nutrient retention and tibia ash.
Nutrient Retention Tibia
M.E. Avizyme 1500 Ca P N M.E. Ash
Pullets Pullets --------------------------------- (%) --------------------------------- (%)
High No 23.3 9.7 30.3 2779 57.7
High Yes 30.8 18.1 36.7 2923 57.3
Low No 28.7 21.9 30.7 2881 57.4
Low Yes 29.8 10.4 35.6 2823 57.2
Probabilities
M.E. NS NS NS NS NS
Avizyme NS 0.09 0.10 NS NS
M.E. x Avizyme NS NS NS NS NS
Layers Pullets Layers
High No No 50.8 7.4 31.3 2867 60.8
High Yes No 53.8 8.9 35.0 2916 60.9
High Yes Yes 56.5 10.9 37.4 2916 60.9
Low No No 48.7 12.1 36.8 2744 60.1
Low Yes No 49.2 11.6 38.6 2741 60.9
Low Yes Yes 50.2 12.4 35.2 2792 60.9
Probabilities
M.E. 0.02 0.10 0.02 0.0001 NS
Avizyme NS NS 0.05 0.004 NS
M.E. x Avizyme NS NS 0.01 0.10 NS
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